Introduction
the settlement history in the examined area to be determined (Kaczanowski & Kozłowski 1998) .
Drillings were taken in order to analyse the lithology of different deposits and to obtain samples for laboratory analyses. Sediment cores with a depth of up to 4.5 m were taken with the use of a hand gouge auger for mineral and mineral/organic sediments, and with an Instorf auger for peat. Sediment cores were collected with preserved stratigraphy and analysed macroscopically in vertical profiles. There were no clearly visible gaps, and therefore the continuity of the sedimentary record was assumed. All macroscopic visible layers and horizons were described during fieldwork.
Samples for grain size analysis were taken from each determined layer. For other analyses, samples were taken with 5-10 cm frequency depending on the variability of the vertical sediment profile.
Laboratory analyses included the determination of the organic matter content by "loss-on-ignition" (LOI) and the Scheibler method to determine the carbonate content. Grain size distribution was determined by a combination of sieving and the aerometric method. Grain size indexes were calculated according to Folk and Ward (1957) . Chemical analyses included the determination of the content of selected trace elements in the sediments. The extraction was carried out with aqua fortis and the concentrations were determined by ICP MS.
The age of organic sediments was determined by radiocarbon dating. The obtained dates were calibrated with the use of OxCal v. 4.2.3 Reimer et al. 2013) .
Figure 1. Location of study area and geomorphological scheme of the Brudzeń Duży area with location of boreholes

Photo 1. Gullies on the southern (A) and northern (B) slopes of the Skrwa valley
Human settlement stages in the examined area
In the northern part of Mazovia, different phases of human settlement have been identified. Paleolithic and Mesolithic evidence of human presence is distributed in the area and indicate gathering and hunting activities, but only the presence of the well-developed agricultural culture of the middle and late Neolith period, represented by Funnel Beaker (TRB) and Globular Amphorae culture (GAC) (approx. 5-6,000 cal. years BP), was significant for local environmental changes (Kaczanowski, Kozłowski 1998; Matusiak 2008) .
In the examined area, the evidence of human presence is also known for the older Bronze Age (Trzciniec culture) and in relation to the Lusatian culture including the late Bronze and early Iron Ages. During the Roman era, north Mazovia was influenced by the Pomeranian stone cist, and the Przeworsk and Wielbark cultures.
Human settlement in northern Mazovia did not become stable and permanent until the early Middle Ages. The areas of Płock and Sierpc were the first to be inhabited by Slavs. Two Slavic strongholds in Brudzeń Duży dating from the 8 th and 10-11 th centuries and in Parzeń dating from the 12 th century (Górska et al. 1976 ) are located at a distance of less than 1 km from the study site.
Towards the late Middle Ages, the human settlement network in Poland stabilized and permanent administrative structures developed, supported by a growing population and the effects of human pressure on the environment. In general, it may be assumed that during the last millennium the population density has steadily increased, with certain periods of reduction, for example related to wars, or epidemics that occurred in this part of Poland.
Archaeological data indicate that, from the 8 th and particularly from the 10-11 th centuries, economic development began to increase. The study area was in the centre of this region.
At those times there was an intensive development of crafts such as tanning, metal production and blacksmithing. The following 300-year-long period is characterized by different wars (Lithuanian raids, the war with the Teutonic Knights, the Swedish Deluge) as well as epidemic events. In the 17th century, there was a little more forest here than in previous periods due to a population decline (Matusiak 2008; Buko 2005) . The region was mainly used for agriculture -there were no industrial centres. The closest, located within a radius of 40 km from the studied area centres are Płock, Włocławek and Sierpc.
The oldest archival maps show significant deforestation of the study area (Fig. 2) . In the 19 th century, there were forested outwash plains located to the south and west of the Skrwa River valley.
Selected results of the sedimentological research
The part of the Skrwa River valley selected for the study is characterized by active slope processes (soil erosion, gullying) and fluvial processes with aggradation prevailing on the valley bottom. It includes morphological (landscape) zones of differing sediment type, intensity of geomorphological processes and source of material:
-morainic plateaus and slopes: denudation -linear erosion on the slopes with deposition on the bottom of the valley: gullying -fluvial with flood plain, paleomeanders within the plan and point bars: fluvial deposition.
Sheet erosion is the key process forming the moraine plateau and outwash plains used as arable land with periodic tendencies to create shallow gullies. On the domed uplands, luvisol soils with Ap horizons are dominant. The Bt horizon of these soils is characterized by a reduced thickness. The soil erosion process is illustrated by drillings taken along the slope catena selected for detailed examination (Fig. 3) . Below the domed upland, on a slope with a 6-7 o inclination, directly under the arable humus layer, there is carbonate containing clayey and silty glacial till (drilling P8 on Fig. 3) .
The eroded soil was accumulated along the upper rim of the Skrwa River valley. Above the rim (P9, Fig. 3 ), humic colluvial sediments reach 150 cm in thickness, and up to 110 cm in depth. The LOI ranges from 2.0 to 3.8 %, while below it reaches 1-2 %. Humic colluvial sediment thickness reaches 90-100 cm in the middle part of the slope. On the lower part of the valley slope the colluvium reaches 130 cm in thickness with maximum LOI exceeding 5 %.
Such redeposition of the eroded soil is most probably caused by the complex morphology of the slope being used. The lesserinclined slope is used as arable land, while the steeper parts are permanently covered by grasslands. The upper edge of the valley is at the same time the border of the arable land. Since the reversible plough was introduced, in particular the drill plough, an agricultural terrace has been formed here. The accumulated material is homogeneous due to mixing during ploughing (Sinkiewicz 1998) .
Colluvial sediments deposited on the lower part of the valley slope cause a decrease in inclination to 3-4 o (Fig. 3) . From the gullies cutting the slopes, two forms have been selected for detailed examination: a road gully near Krzyżanowo village, located on the northern slope of the valley, and a v-shaped gully located on the southern forested slope, to the east of Brudzeń Duży (Fig. 1) .
The first form is located in the lower part of a substantially incised dry valley. The gully is approximately 110 m long, with steep slopes, whose inclination reaches locally up to 70 o . At the mouth of the gully, there is a fan of over 80 m long. The accumulated sediments are not very thick, reaching 120 cm in the proximal and 70 cm in the distal part of the fan, and are composed of massive clayey sands of varying grain size with the addition of humus-like organic matter (3-5 %).
Two units are visible in the sediment constituting the fan: the upper measures up to 40 cm in depth and the lower measures from 40 to 120 cm in depth. The upper part of the fan shows characteristics of colluvial deposits from soil erosion; the lower part consists both of the products of soil erosion and those from incision of the clayey moraine plateau (the widening and deepening of the gully). The two units are diversified in granulometry. The sediments accumulated in the upper part of the fan (upper unit) are rather homogenous and consist of sand, silt and clay with a high content of organic matter (3-5% LOI). The lower one is more diversified in granulometry. It consists generally of sands with an admixture of fine gravels (single grains with diameter ranging from 5 to 20 mm, usually a few percent of the sediment mass) and clays (several percent). The clayey sediments most probably originate from the gully bottom and slopes, where glacial till occurs. Detailed sedimentological characteristics of the fan sediments have already been described in detail (Smolska & Szwarczewski 2012) .
The vertical profile of the fan deposits, in the proximal part, includes two humic horizons with a higher content of organic matter (3.7 to 3.8 %): one at the bottom of the fan, the other at a depth of 70-80 cm. The lower one (with 3.8 % organic matter content) has been dated with the radiocarbon method to 206BC-645AD and indicates the beginning of the fan formation.
The fan selected for detailed examination on the opposite side of the valley is short but well exposed, located at the mouth of a v-shaped gully (Fig. 1) . It covers sediments of a former paleomeander located at the bottom of the slope (Fig. 4) . The thickness of the fan sediments approximates 70 cm. It consists of sand of diverse grain size with the addition of silt (about 20 %) and clay (10 %). The grain-size distribution is characterized by weak sorting, a significantly positive skew. The LOI values range from 2.5 to 4 % (Smolska & Szwarczewski 2012) .
Similarly to the fan examined at the gully mouth near Krzyżanowo, the lower part is more diversified in granulometry. Both upper and lower series are similar to those determined in the fan near Krzyżanowo.
Layers which comprise deposits that fill the paleomeander were drilled up to a depth of 250 cm. The bottom 50 cm series consists of organic mud accumulated in the old meander. Above this, at 200-160 cm, there are laminated sandy deposits with a much lower content of organic matter, indicating a period of water flow in the meander. This layer, in turn, is topped with accumulated organic matter (at 160-70 cm) with irregular mineral interbedding, mainly comprising fine-grain deposits classified as over channel alluvia.
The organic matter from the roof of the organic series filling the bottom of the paleomeander and the basis of the fan was dated using the radiocarbon method (Table 1 ). The results indicate that the old meander became active and the fan started to form at the gully mouth around 208-545AD and 1040-1285AD, respectively.
A second paleomeander at the northern slope of the valley, west of Krzyżanowo, was also sampled (P3, Fig. 1) .
At 420 cm, there is a layer of till, in which the Skrwa channel was probably cut. The deposits in the paleomeander start with a sandy series with a small content of fine gravel (up to 365 cm deep). This is a point bar. Above, ranging from 365 to 300 cm, the meander is filled with sandy silt containing from 17 to 30 percent organic matter. The bottom and top of the series were radiocarbon-dated to 3104BC-2620BC and 1025AD-1275AD respectively (Table 1 ).
The dates indicate that the meander was cut off at the beginning of the Subboreal and that the subsequent organic and organic/ mineral sedimentation occurred for nearly 3,500 years. From 1025-1275 AD, the sedimentation changed to mineral, loamy sand. The content of organic matter is substantially reduced and ranges from 2 to 8 percent. The sediment is characterized by a high percentage of fine-grain fractions (50 to 60 percent of silt and clay) and some gravel (0.5 to 2 percent) including single gravel grains up to 2 cm in diameter. In the first stage following the change in sedimentation (at a depth of 300-310 cm) the share of fine fractions reached as high as 70 percent. Fine sediments were delivered to the palaeomeander by flood water as well as directly from the Skrwa valley slopes. Beginning from a depth of 120 cm, sandy and clayey alluvia occur, originating from soil erosion caused by sheet erosion, since no flood water reached it. Similar deposit sequences were found in the meander located near the Skrwa channel (P6, Fig. 1b) . It comprised two series: the lower, with organic matter prevailing, and the upper, dominated by mineral deposits (Fig. 3) . The change in sedimentation occurred at a similar time, i.e. 1116AD-1290AD. Two boreholes were made in order to analyse the flood terrace structure between the meanders (P4 and P5, Fig. 1 ). Up to a depth of 215 cm, alluvial soil made of sand, loam and silt occurs (Fig. 3) . The deposit is massive, and least sorted in the bottom part. Higher up, it includes less clay and silt fractions. Accumulated organic matter (15 percent of loss-on-ignition) underlies the alluvial soil with thinly laminated sand and loamy sand. The age of the top part was determined at 1810±70 BP. Deeper (below 270 cm) there lie point bars, typical for meandering rivers with moraine residuum as the fluvial lag (300-320 cm deep).
Geochemical characteristics of deposits
The vertical profiles of the examined Skrwa River valley deposits indicate a number of more or less visible levels of concentrated elements related to changes in the land use and supply of trace metals (Fig. 5) .
The first geochemical evidence of human activity dates from the Wielbark (Przeworsk) culture synchronous to the Roman period (ca. 2000-2400 cal. BP). The geochemical profile of deposits sampled near Krzyżanowo (borehole 1) bears clear evidence of anthropopressure (increased concentration of trace elements) related to the development of the fan accumulated at the mouth of the road gully descending to the river valley. Its development stages are enhanced by increases or decreases in the content of each element. The radiocarbon date (206BC-645AD) and analysis of economic growth based on archaeological and historical data regarding this part of Mazovia allow several stages of human activity in the examined area to be determined. The interpretation is not solely based on the total content of trace elements at each level, but also on visible trends and their changes (increase, decrease, monotonic course) and the type of sediments (lithological -granulometric features).
The progressing anthropopressure is also illustrated by the reduced content of elements in the upper layers; such a trend has been observed in several profiles characterized by the rapid increase of accumulation of deposits originating from fluvial erosion and slopes (Farkasa et al. 2007 ). This can be accredited to accelerated erosion and the dilution of pollutants by the supply of unpolluted, clean sediments.
Pollutants that get into the Skrwa River from the Brudzeń area were relatively few while those coming from longer distances reached the area in rather small concentrations due to dilution. Increased concentrations of heavy metals are primarily the result of the supply from atmospheric dispersed sources such as the combustion of wood and then coal, mainly for heating, and from the use of fertilizers during cultivation. In the Middle Ages, this was a region of significant economic development, with craft activity such as tanning or blacksmithing.
Despite the generally growing supply of pollutants (on the slopes and into the channels) arising from increasing human
Figure 5. Selected trace element content in sediments building the fan at the mouth of the road ravine (boreholes 1) (A) and filling the palaeochannel (boreholes 3) (B) near Krzyżanowo together with lithological profiles; 1 -channel sands (alluvia), 2 -peat (a) and organic mud (b), 3 -fine sediment with organic matter (overbank alluvia)
, 4 -colluvium, 5 -glacial till, 6 -charcoal; for sampling location see Fig. 1 economic activity, their concentration has been reduced due to the significant share of "deeper layer" unpolluted deposits originating from erosion. Fig. 5A presents the stages beginning from the Roman Era through the Migration Period, indicated as a reduction in the content of most analysed elements, followed by the early Middle Ages when economic growth was concentrated at Brudzeń and Parzeń, the two strongholds. Fluctuations in the upper part of the profile are supported by information regarding environmental changes. This area, according to historical sources (Tyszkiewicz 2003) and archival topographical maps (Fig. 2) , was deforested and used intensively for agriculture. It is also possible to define deposit series related to the effects of land use changes corresponding to the last hundred years. The development of road traffic and the related emissions of combustion gas and other pollutants (e.g. particles from brake pads containing Cadmium) have led to an increase in the content of other elements, such as cadmium or lead (their presence is marked in the top layer of 20-40 cm, fig. 5 ).
Considering the region's economic development, specific periods were correlated with peak concentrations of trace elements. The results shown in Fig. 5 and Table 2 confirm a much faster aggradation rate of colluvial sediments in historical times than older sediments, i.e. the bottom parts of the former Skrwa River meander.
The sediments in the Brudzeń Duży region are of neutral or alkaline pH (from pH 6.5 to 8) so they are not prone to leaching. It would take a long time to remove the trace elements accumulated there. When it comes to mineralogy the sediments are highly homogenous. They consist mostly of quartz and clay minerals. There are some differences in granulometry but the samples for extraction were firstly sieved to separate the same fraction. The most prone to pollution are the clay minerals -their share in all the analysed samples was on a comparable level, from just a few to around 10-15% (so this factor can be omitted).
Transformation of slopes and the river valley (natural and anthropogenic conditions)
Based on the age of the analysed series determined using the radiocarbon method, the sedimentary and geochemical nature and sedimentation rate characteristics for the slopes and valley bottom were calculated (Fig. 6) .
The rate of change from the moment of vegetation growth can be defined as slow, with most forms considered stable. The old river meanders were then filled with organic sediments, peat and organic mud (organic-mineral material). Such a slow aggradation can be estimated at 0.14 mm per year based on the meander near Krzyżanowo, which was cut off around 3104-2620BC.
A number of authors indicate increasing aggradation after deforestation, both on the bottom of dry valleys and in river valleys (Bork 1989; Dotterweich 2003; Klimek, 2002) . Matter originating from soil erosion from the basin area is recorded in the type of sedimentation in the valley bottom (Starkel 1989; Reiß at al. 2009 ).
Near Brudzeń Duży the sedimentation rate changed around 66-384AD. Suspended material from the upland slopes was transported to the valley bottom during floods with an average annual accumulation range of around 0.3 mm. The evidence of deforestation and usage of the slopes or outwash plains for agricultural purposes is well correlated with the archaeological data. In this period, the Wielbark (Przeworsk) culture settlements and agriculture were developing, beginning from the 2 nd century AD. Interpreting the geochemical data, an increase in the content of most analysed trace elements at 70 cm, 50 cm and 20-30 cm allows these layers to be correlated with the early Middle Ages, the Industrial Revolution and the fifty years after World War II, respectively. Based on the data, the above average aggradation intensity in the valley bottom has increased steadily from an average 0.3-1.15 mm per year in the Middle Ages to 1.67-2 mm per year during the 17 th -19 th centuries and 2.5 mm per year during the last 100 years (Fig. 6) .
Given that the meander cut-off period dates back to 3104BC-2620BC, the process of filling with mostly organic matter for over 4000 years (until 1025AD-1275AD) can be estimated at an average of 0.13 mm per year. The meander's location quite far from the active river channel allows the assumption that only large floods could deposit suspended material here. The radiocarbon date of 208-545AD determined from the deposits filling the other meander (P11) confirms this assumption. It indicates a change in sedimentation, from organic to organic/ mineral, and an increase in the rate of meander filling, the average ranging from 1.3 mm to 1.67 mm per year. This organic/mineral character of the deposits dominated until the 3 rd -4 th centuries. (Fig. 5) . Later the meanders were mostly filled with mineral sediments originating from erosion in gullies and eroded soil. This change in the type of sedimentation increased significantly in the cultivated area. In the area of Brudzeń Duży, the suspended material from soil erosion and gullying has been deposited on the Skrwa valley bottom since 66-385AD. The C-14 dates determined for the proluvia bases, 206BC-645AD and 66-384AD, indicate stabilization of the incisions and progressive gullying. It took less than a hundred years for the first incisions on the slopes to become stable and turn into gullies. The erosion rate on deforested land was high in this period, the matter deposition intensity at gully mouths increased from 0.3 to 0.86 mm per year.
Detailed measurements of the gullies have not been taken. Generally, it was easily visible that the fans are small compared to the size of the gullies. Their volume is only 25-35% of the volume of the gullies. A high proportion of the eroded material due to gullying was taken away by fluvial transport.
Widespread deforestation is recorded on archival topographic maps in the Masovian region during the 19th and beginning of the 20th centuries (Fig. 2) . This was also a period of increasing agricultural work, which coincides with an acceleration of denudation processes in the morainic plateau. Colluvial (deluvial) sedimentation at the bottom of the Skrwa River valley slope illustrates the existence of anthropopressure. In the period when the Brudzeń and Parzeń strongholds were operating, sedimentation exceeded 1mm per year and, after the introduction of agricultural machines (mechanization), it reached 4-5 mm per year (Fig. 5) .
Conclusion
The sedimentological and geochemical research carried out in the selected areas of north-western Mazovia allowed the determination of the following dynamic landscape systems and an analysis of their changes:
(1) The moraine plateu and slope denudation system with a colluvial subsystem;
(2) The river valley bottom system (filling of meanders, accumulation on the flood plain).
The environmental response to anthropogenic pressure was first expressed in the overchannel sediments on the Skrwa River valley bottom. Subsequently, the gully fans were formed. The age of organic deposits at the bottom of colluvia (proluvia) indicates that the period of gully formation in the post-glacial landscape ranged approximately from 66AD to 545AD.
Geochemical and sedimentological features of deposits are particularly useful in separating the deposits characterized by substantial anthropopressure.
Based on C-14 dating, sedimentological and geochemical analysis of the deposits, aggradation intensity has been determined on the valley bottom at an average of 0.13 mm per year under natural conditions, and, along with growing anthropopressure, its increase from 1 mm per year at the beginning of the second millennium BC to 2.5 mm per year over the last 100 years. In the examined area, the most intense changes, despite spatial limitations, have taken place on the slope system, where the denudation intensity from the beginning of deforestation for agricultural purposes to agricultural erosion increased from 0.3 mm per year to 6 mm per year.
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